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(54) OFDM broadcast wave receiver 

(57) Tho invention relates to an OFDM (Orthogonal 
Frequency Division Multiplex) broadcast wave receiver 
tor receiving an OFDM broadcast wave. Demodulation 
means are provided for performing OFDM demodula- 
tion of the received signal to provide signals of a plurality 
of frequencies.. Tho receiver includes means lor auto- 
matically discriminating (20) whether the received signal 
is of a wide band or a narrow band by determining If a 
carrier signal having a predetermined frequency is 
present among the signals of a plurality of frequencies. 
Moans lor further provided for controlling (19) the de- 
modulating operation of demodulation means in accord- 
ance with the discrimination result to thereby acquire a 
demodulated signal. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

The present invention relates to an OFDM (Orthog- 
onal Frequency Division Multiplex) broadcast wave re- 
ceiver. 

. 2. Description of the Related Background Art 

It is known that OFDM is appropriate as a modula- 
tion system to be employed in digital audio broadcasting 
(hereinafter called "DAB"). OFDM is a multicarrier mod- 
ulation system which uses multiple carriers (subcarri- 
ers), which are orthogonal to one another. The OFDM 
is therefore advantageous in maximizing the frequency 
use efficiency. 

In an OFDM type of DAB 6ystem, on the transmitter 
side, input data is converted by a serial-parallel convert- 
er to parallel data which in turn is converted to a tc/4 shift 
QPSK symbol by a differential coder. This symbol is 
modulated by an Inverse fast Fourier transformer (IFFT) 
to yield the in-phase component and orthogonal com- 
ponent of a base-band signal. The individual outputs of 
the IFFT are subjected to D/A conversion first and are 
then subjected to orthogonal modulation with an oscil- 
lation signal from a local oscillator. The resultant signals 
are then converted to a transmission signal having a de- 
sired frequency, which is in turn transmitted from an an- 
tenna. On the receiver side, the reverse operation to the 
operation on the transmitter side is performed. More 
specifically, the signal received by the antenna is con- 
verted to an intermediate frequency signal from which 
the in-phase component and orthogonal component of 
the base-band signal are extracted by an orthogonal de- 
modulator. The output signals of the orthogonal demod- 
ulator are digitized by an A/D converter, and the result- 
ant digital signals are subjected to Fourier transform by 
a fast Fourier transformer (FFT). This Fourier transform 
yields signals for individual carriers, which are subjected 
to differential decoding, carrier by carrier, by a differen- 
tial decoder. The output signal of the differential decoder 
is converted to serial data as received data by a parallel- 
serial converter. Actually, this serial data undergoes da- 
ta processing such as error correction after which the 
resultant data is converted to an analog signal. 

To establish practical use of the DAB, it has been 
considered in Europe to set the transmission band width 
used In the DAB to 1.536 MHz and to change, the 
number of carriers in accordance with a transmission 
mode. For example, 1536 carriers are used in mode 1. 
Because of the use of such wide-band signals, introduc- 
tion of this OFDM type of DAB system is difficult in coun- 
tries where sufficient empty frequency bands are not 
available. In this respect, a DAB system which uses sig- 
nals of narrower bands is desirod. Therefore, there is 



possibility that wide-band transmission signals and nar- 
row-band transmission signals coexist, so that the re- 
ceiver side should discriminate whether the received 
signals is of a wide band or a narrow band at the time 
of reception. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary objective of the present 
invention lo provide. an OFDM broadcast wave receiver 
which can automatically discriminate whether the re- 
ceived signal is of a wide band or a narrow band at the 
time of reception. 

An OFDM broadcast wave receiver according to the 
first aspect of the present invention comprises tuning 
means for selecting a signal having a desired frequency 
as a reception signal from high frequency signals from 
an antenna; demodulation means for performing OFDM 
demodulation on the reception signal to acquire signals 
each of which has one of a plurality of frequencies; band 
detection means for detecting a band width of the re- 
ception signal and generating a band detection signal 
indicative ol the band width; and control means for con- 
trolling a demodulation operation of the demodulation 
means in accordance with the band detection signal, 
wherein the band detection means discriminates if there 
is a carrier signal with a predetermined frequency 
among the plurality of frequencies and outputs the dis- 
crimination result as the band detection signal. 

According to the first aspect, it is determined if a 
carrier signal having the predetermined frequency is 
present among signals each of which has one of the plu- 
rality of frequencies, acquired by OFDM demodulation 
of the reception signal by the demodulation means, and 
the demodulating operation of the demodulation means 
is controlled in accordance with the discrimination re- 
sult. 

According to the second aspect of the present in- 
vention, there is provided an OFDM broadcast wave re- 
ceiver for receiving a broadcast wave, acquired by per- 
forming OFDM modulation on a data signal and trans- 
mitted as a signal having a null portion for each frame, 
which receiver comprises tuning means for selecting a 
signal having a desired frequency as a reception signal 
from high frequency signals from an antenna; demodu- 
lation means for performing OFDM demodulation on the 
reception signal to acquire signals each of which has 
one of a plurality of frequencies; band detection means 
for detecting a band width of the reception signal and 
generating a band detection signal indicative of the band 
width; and control means for controlling a demodulation 
operation of the demodulation means in accordance 
with the band doloclion signal, wherein the band detec- 
tion means discriminates if a carrier signal having a spe- 
cific frequency is present in the null portion of the recep- 
tion signal and outputs the discrimination result as the 
band detection signal. 

According lo the second aspeel, since a broadcast 
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wave is acquired by performing OFDM modulation on a 
data signal and is transmitted aa a 6ignal which has a 
null portion for each frame, a carrier signal having a spe- 
cific frequency indicative of the band width of the broad- 
cast wave has been inserted in the null portion before 
transmission, and the receiver discriminates if the car- 
rier signal having the specif ic frequency is present in the 
null portion of the reception signal and controls the de- 
modulating operation of the demodulation means in ac-. 
cordance with the discrimination result. 

According to the third aspect of the present inven- 
tion, there is provided an OFDM broadcast wave receiv- 
er for receiving a broadcast wave, acquired by perform- 
ing OFDM modulation on a data signal and transmitted 
as a frame-by-frams signal, which receiver comprises 
tuning means for selecting a signal having a desired fre- 
quency as a reception signal from high frequency sig- 
nals from an antenna; demodulation means for perform- 
ing OFDM demodulation on the reception signal to ac- 
quire signals each of which has one of a plurality of fre- 
quencies; band detection means lor detecting a band 
width of the reception signal and generating a band de- 
tection signal indicative of the band width; and control 
means tor controlling a demodulation operation o1 the 
demodulation means in accordance with the band de- 
tection signal, whereby the band detection means dis- 
criminates a frame length of the reception signal and 
outputs the discrimination result as the band detection 
signal. 

According to the third aspect, since a broadcast 
wave is transmitted as a frame-by-frame signal which is 
acquired by performing OFDM modulation on a data sig- 
nal and the frame length of the reception signal differs 
according to the band width of the broadcast wave, the 
receiver discriminates the frame length of the received 
signal and controls the demodulating operation of the 
demodulation means in accordance with the discrimina- 
tion result. 

According to the fourth aspect of the present inven- 
tion, there is provided an OFDM broadcast wave receiv- 
er for receiving a broadcast wave, acquired by perform- 
ing OFDM modulation on a data signal and transmitted 
as a signal having a reference signal lor differential de- 
modulation for each frame, which receiver comprises 
tuning means for selecting a signal having a desired fre- 
quency as a reception signal from high frequency sig- 
nals from an antenna; demodulation means for perform- 
ing OFDM demodulation on the reception signal to ac- 
quire signals each of which has one of a plurality of fre- 
quencies; identification parameter detection means for 
detecting a predetermined identification parameter 
about the broadcast wave and generating an identifica- 
tion doteclion signal indicative of a content of the pre- 
determined identification parameter, and control means 
for controlling a demodulation operation of the demod- 
ulation means in accordance with the Identification de- 
tection signal, the identification parameter detection 
moans including moans for extracting a signal corre- 



sponding to the reference signal from an output signal 
of the demodulation means, and discrimination means 
for discriminating if the extracted signal is a signal indic- 
ative of a specific content in the predetermined identifi- 

s cation parameter and ouLputting the discrimination re- 
sult as the identification detection signal. 

According to the fourth aspect, since a broadcast 
wave is acquired by performing OFDM modulation on a 
data signal and is transmitted as a signal having a ref- 

10 erence signal for differential demodulation for each 
frame, a predetermined identification parameter about 
the band width or the like of the broadcast wave is de- 
scribed in the reference signal in a detectable form, and 
the receiver extracts a signal corresponding to the ref- 

1S erence signal and to be subjected to OFDM demodula- 
. tion from the output signal of the demodulation means, 
discriminates if the extracted signal is a signal indicative 
of a specific content in the predetermined identification 
parameter and controls the demodulating operation of 

20 the demodulation means in accordance with the dis- 
crimination result. 

BRIEF DESCRIPTION OF THE DRAWINGS 

2& Fig. 1 is a block diagram showing an embodiment 
of the present invention; 

Fig. 2 is a diagram showing the format of a trans- 
mission signal; 

Fig. 3 is a flowchart illustrating the operation of a 
oo band determining section; 

Fig. 4 is a diagram showing the band width of a nar- 
row-band signal; 

Fig. 5 is a diagram showing the band width of a 
wide-band signal; 
05 Fig. 6 is a flowchart illustrating the operation of a 
control section; 

Fig! 7 is a diagram showing the spectrum of a wide- 
band signal; 

Fig. 8 is a diagram showing the spectrum of a nar- 
40 row-band signal; 

Fig. 9 is a flowchart illustrating the operation of the 
control section; 

Fig. 10 is a flowchart illustrating the operation ol a 
control section according to the second embodi- 
es rnent of this invention; 

Fig. 11 is a diagram showing the spectrum of the 
carrier signal of a channel i inserted in a null portion 
to indicate that the transmission signal is a narrow- 
band signal; 

50 Fig. 12 is a flowchart illustrating the operation of a 
band determining section; 

Fig. 1 3 is a flowchart illustrating the operation of the 
control section; 

Fig. 14 is a diagram showing the spectrum of the 
55 carrier signal of a channel j inserted in the null por- 
tion to indicate that the transmission signal is a nar- 
row-band signal; 

Fig. 1 5 is a block diagram showing the third embod- 
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iment of this Invention; 
Fig. 16 is a block diagram showing the structure of 
a frame period detector in the receiver in Fig. 15; 
Fig. 1 7 is a diagram showing the frame length of a 
wide-band signal; 

Fig. 18 is a diagram showing the frame length ol a 
narrow-band signal; 

Fig. 19 is a flowchart illustrating the operation of a 
control section; 

Fig. 20 is a block diagram showing the fourth em- 
bodiment of this invention; . and 
Fig. 21 is a flowchart illustrating the operation of a 
control section. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will 
be described below in detail with reference to the ac- 
companying drawings. 

Fig. 1 shows an OFDM broadcast wave receiver ac- 
cording to one embodiment of the present invention. In 
this receiver, an RF (Radio Frequency) signal Irom an 
antenna 1 is supplied to a front end 2 as tuning means 
where a desired frequency signal included in the RF sig- 
nal is converted to an intermediate frequency signal. 
The intermediate frequency signal is then supplied to an 
orthogonal demodulator 3. The orthogonal demodulator 
3 comprises two mixers 4 and 5, a local oscillator 6, a 
phase shifter 7 and LPFs (Low Pass Filters) 8 and 9. 
The mixer 4 mixe6 an oscillation signal output from the 
local oscillator 6 with the intermediate frequency signal 
and outputs an in-phase component signal I of a base- 
band signal. The in-phase component. signal I is output 
from the orthogonal demodulator 3 via the LPF 8. The 
phase of the oscillation signal from the local oscillator 6 
is shifted by 90 degrees by the phase shifter 7, and the 
phase-shifted oscillation signal is supplied to the mixer 
5. The mixer 5 mixes the oscillation signal from the 
phase shifter 7 with the intermediate frequency signal 
and outputs an orthogonal component signal Q of the 
base-band signal. The orthogonal component signal Q 
is output from the orthogonal demodulator 3 via the LPF 
9. 

A/D converters 1 0 and 1 1 are connected to the out- 
put of the orthogonal demodulator 3. The A/D converter 
10 converts the in-phase component signal I passed 
through tho LPF 8 to a digital signal, and the A/D con- 
verter 11 converts the orthogonal component signal Q 
passed through the LPF 9 to a digital signal. The sam- 
pling frequencies of the A/D converters 10 and 11 are 
2.048 MHz. An FFT (Fast Fourier Transformer) 12 is 
connected to the outputs of the A/D converters 10 and 
1 1 . The FFT 1 2 transforms the digital signal on the time 
axis to a signal on the frequency axis by fast Fourier 
transform, and outputs the result of transformation of the 
number of carriers (n carriers) according to a control sig- 
nal from a control section 1 9 to bo discussed later, or 



carrier phase information (i n , q n ) to a differential decoder 
13. 

The differential decoder 1 3 executes differential de- 
coding based on phase information relating to the n car- 
s riers lo be input. The differential decoding multiplies the 
conjugate complex of previous phase information to be 
input and current phase information by each other, car- 
rier by carrier, to acquire the phase difference between 
the previous phase information and the current phase 
inlormalion. Each differential decoded output is convert- 
ed to serial data by a parallel -serial converter 16. An 
audio decoding section 1 8 is connected via an error cor- 
recting section 17 to the output of the parallel-serial con- 
verter 1 6. The error correcting section 17 executes dein- 
terleaving and Viterbi decoding. Accordingly, the serial 
data is subjected to error correction in the error correct- 
ing section 17 and then is subjected to audio coding to 
obtain PCM digital audio data. 

A null detector 21 is connected to the outputs of the 
LPFs 8 and 9. The null detector 21 detects a null portion 
in one frame of data signals in accordance with the in- 
phase component signal I and orthogonal component 
signal Q obtained from the LPFs 8 and 9. The control 
section 19 Is connected to the detection output of the 
null detector 21. 

The FFT 1 2 outputs the result of the carrier trans- 
formation, needed in a band determining section 20, to 
the band determining section 20. The band determining 
section 20 is provided to determine whether the re- 
ceived signal is a narrow-band signal or a wide-band 
signal. When the input transformation result is deter- 
mined as i 2 + q 2 > specified value, for example, the band 
determining section 20 detects the presence of a carrier 
and supplies the detection result to the control section 

1 9. The control section 1 9 controls the operation of the 
FFT 12 by Its operation to be discussed later, in accord- 
ance with the null detection signal from the null detector 
21 and the output signal of the band determining section 

20. The control section 1 9 is supplied with an error ratio 
by the error correcting section 17 in an error correction 
mode. The control section 19 and the band determining 
section 20 are constituted of a microcomputer, and op- 
erate in synchronism with the sampling timing of the A/ 
D converters 1 0 and 11 . 

Signals to be transmitted from a broadcasting sta- 
tion have a format shown in Fig. 2 that, for each frame, 
has a null portion at the head where no signals are 
present and which is provided for synchronization, fol- 
lowed by a reference signal portion as a phase refer- 
ence for differential decoding, and a data portion. 

As shown In Fig. 3, the band determining section 20 
discriminates if there is a signal input from the FFT 1 2 
(stop S1). When there is a signal input, which moans 
the presence of a received signal, the band determining 
section 20 discriminates if there is a carrier signal having 
a frequency which is other than the range of ±384 KHz 
from the center frequency f 0 (step S2). That is, when the 
transmission signal is of a narrow band, it has a band 
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width of 766 KHz, as shown in Fig. 4. and each carrier 
signal ha6 a frequency within the range of ±384 KHz 
from the center frequency f 0 , so that there are no sig- 
nals, except noise, in a guard band a between the band 
of one signal to be received and the adjoining signal 
band. When the transmission signal is of a wide band, 
it has a band width of 1 .536 MHz, as shown in Fig. 5, so 
that there are carrier signals even outside the range of 
±384 KHz. Therefore, the band determining section 20 
discriminate the presence or absence of carrier signals 
in those among a plurality of signal lines from the FFT 
12, which are outside the range of ±384 KHz, i.e., the 
presence or absence of carrier signals in those carrier- 
signal outputting lines in the guard band oc in Fig. 4. 
When there are no carrier signals outside the range of 
±384 KHz, the band determining section 20 outputs a 
narrow-band detection signal (step S3). When there are 
carrier signals outside the range of ±384 KHz, the band 
determining section 20 outputs a wide-band detection 
signal (step S4). The output signal of the band deter- 
mining section 20 is held in holding means such as a 
buffer to be used by the control section 19. 

The null detector 21 detects the null portion shown 
in Fig. 2 from the envelope of the reception signal. More 
specifically, the null detector 21 computes I 2 + Q 2 from 
an in-phase component signal I and an orthogonal com- 
ponent signal Q, acquired from the LPFs 8 and 9, and 
generates a null detection signal to represent the time 
of the detection of the null portion when I 2 + Q 2 Is equal 
to or smaller than a reference value. This null detection 
signal is supplied to the control section 19. 

The control section 1 9 discriminates the presence 
of the null detection signal (step S1 1 ), and discriminates 
If the reception signal Is a narrow-band signal when the 
null detection signal exists (step S12), as shown in Fig. 

6. This discrimination is determined from the output of 
the band determining section 20. When the narrow- 
band detection signal is supplied from the band deter- 
mining section 20, therefore, the control section 19 out- 
puts a narrow-band control signal to the FFT 12 (step 
S13). When the wide-band detection signal is supplied 
from the band determining section 20, which means that 
the reception signal is not a narrow-band signal, the con- 
trol section 1 9 outputs a wide-band control signal to the 
FFT 12 (stepS 14). 

The FFT 12 normally operates to cope with a wide- 
band signal. In synchronism with the null detection sig- 
nal, therefore, the control section 19 sends the wide- 
band control signal to the FFT 12. By setting the sam- 
pling frequency to 2.048 MHz, for example, the FFT 12 
provides an FFT result including a wide-band signal 
having the band width of 1.536 MHz, as shown in Fig. 

7, and outputs the FFT result concerning the band width 
of 1 .536 MHz to the differential decoder 1 3. 

When the narrow-band control signal is supplied to 
the FFT 12, on the other hand, an FFT result includes 
a narrow-band signal having the band width of 768 KHz, 
so lhal Iho FFT 12 switches the output formal lo send 



the FFT result concerning the band width of 768 KHz to 
the differential decoder 13. 

Ftegardless of whether the reception signal is a 
wide-band signal or a narrow-band signal, an FFT result 
5 in the guard band a is output to the band determining 
section 20. 

The sampling frequency may be changed in accord- 
ance with the band control signal. If the FFT 1 2 changes 
the sampling frequency to 1.024 MHz, a half of 2.048 

io MHz mentioned above, when the narrow-band control 
signal is supplied to the FFT 12, the FFT result includes 
the band width of 768 KHz around the center frequency 
f 0 as shown In Fig. 8. The FFT 12 can therefore output 
the FFT result concerning the band width of 768 KHz to 

is the differential decoder 13. By changing the sampling 
frequency in accordance with the band control signal, 
FFT for unnecessary bands can be avoided, thus reliev- 
ing the FFT load. In this case too, regardless ol whether 
the reception signal is a wide-band signal or a narrow- 

20 band signal, the FFT result in the guard band a is output 
to the band determining section 20. 

The band determining section 20 need not always 
execute the above-described band discriminating oper- 
ation, but may start the operation in response to an in- 

26 struction from the control section 1 9. For example, the 
control section 19 determines If an error ratio supplied 
from the error correcting section 1 7 is greater than a pre- 
determined value (step S21 ) at a given timing and acti- 
vates the band determining section 20 when the error 

oo ratio is greater than the predetermined value (step S22), 
as shown in Fig. 9. In response to this activation instruc- 
tion, the band determining section 20 executes the op- 
eration illustrated in Fig. 3. In other words, it is assumed 

- that when the error ratio of data acquired in the error 

os . correcting section 17 becomes greater than the prede- 
termined value, it is because the processing so far has 
been carried out, considering that the reception signal 
were a wide-band signal, even though it was a narrow- 
band signal. To make this checking, the band determin- 

40 ing section 20 determines the band width of the recep- 
tion signal. In this way, when a microcomputer is used 
to constitute the control. section 19 and the band deter- 
mining section 20 as mentioned above, the load of the 
microcomputer can be reduced since the band deter- 

4S mining section 20 need not always execute the opera- 
tion. 

Although the wide band width is set to 1.536 MHz 
and the narrow band width is set lo 768 KHz in the Rrst 
embodiment, the band widths are not limited to those 

so particular va lues, and may be set in accordance with the 
number of carriers. This also applies to other embodi- 
ments which will be discussed later. 

Since it is previously known from which one of the 
individual channel outputs ol the FFT 12 asignal whose 

ss frequency is outside the range of ±384 KHz around the 
center frequency f 0 is output in the first embodiment, the 
presence or absence of such a signal is detected by de- 
termining if a carrier signal is present in lhal oulpul. In- 
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stead of this approach, frequency signal detection 
means 6uch as a band-pa66 filter may actually be used 
to detect the presence or absence of a signal whose fre- 
quency is outside the range of ±384 KHz around the 
center frequency f 0 : 

According to the OFDM broadcast wave receiver of 
thia embodiment, it is determined if a carrier signal of a 
predetermined frequency Is present among signals 
each of which has one of a plurality of different frequen- 
cies, acquired by OFDM demodulation of the reception 
signal by the demodulation means, and the demodulat- 
ing operation of the demodulation means is controlled 
in accordance with the discrimination result. It is there- 
fore possible to automatically determine whether the re- 
ceived signal is a wide-band signal or a narrow-band 
signal, thus ensuring the proper signal reception. 

Fig. 10 shows the operation of the control section 
1 9 according to the second embodiment of the present 
invention. In this case, signals to be transmitted as 
broadcast waves from a broadcasting station have the 
format as shown in Fig. 2 that, for each frame, has the 
null portion at the head where no signals are present 
and which is provided for synchronization, followed by 
the reference signal portion as a phase reference for dif- 
ferential decoding and the data portion. However, a car- 
rier signal having a predetermined level as indicated by 
a spectrum in Fig. 11 is located only in the i-th (n > i) 
channel (hereinafter called "channel i") among a plural- 
ity of (n) channels (a plurality of carriers) in the null por- 
tion in a narrow-band signal as a transmission signal. 
This channel i corresponds to a frequency in the range 
with the narrow band width of 768 KHz, e.g., the center 
frequency f c + 200 KHz. 

Trie null detector 21 detects the null portion shown 
in Fig. 2 from the envelope of the reception signal. More 
specifically, the null detector 21 computes I 2 + Q 2 from 
an in-phase component signal I and an orthogonal com- 
ponent signal Q, acquired from the LPFs 8 and 9, and 
generates a null detection signal when I 2 + Q 2 is equal 
to or below a reference value as the time of the detection 
of the null portion. This null detection signal is supplied 
to the control section 19. 

The control section 1 9 discriminates the presence 
of the null detection signal (step S31), and activates the 
band determining section 20 when the nulldetection sig- 
nal is produced (step S32), as shown in Fig. 10. That is, 
the control section 19 instructs the band determining 
section 20 to star I the band discriminating operation. 

After starting the operation, the band determining 
section 20 discriminates if a carrier signal is present in 
the channel i in the output signal of the FFT 12 within 
the range of ±384 KHz around the center frequency f c 
(step S41), as shown in Fig. 12. When the transmission 
signal is a narrow-band signal, the band width is 768 
KHz and each carrier signal has a frequency within the 
range of ±384 KHz around the center frequency f 0 . Fur- 
ther, a carrier signaf is present only at the frequency 
point corresponding to the channel i in the null portion 



of the narrow-band transmission signal as shown in Fig. 
11 . When the transmission signal is a wide-band signal, 
the band width is 1.536 MHz so that a carrier signal is 
present outside the range of ±384 KHz around the cent- 
5 er frequency f 0 . Further, no signals are present in the 
null portion. Accordingly, the band determining section 
20 determines the presence or absence of a carrier cor- 
responding to the channel I from the FFT result from the 
FFT 12, and outputs a narrow-band detection signal 
10 when there is a carrier (step S42). When there is no car- 
rier signal in the channel i, the band determining section 
20 outputs a wide-band detection signal (step S43). The 
output of the band determining section 20 is held in hold- 
ing means such as a buffer before being supplied to the 
control section 1 9. 

After the execution ol step S32, the control section 
1 9 discriminates if the reception signal is a narrow-band 
signal (step S33). This discrimination is determined from 
the output of the band determining section 20. When the 
20 narrow-band detection signal is supplied Irom the band 
determining section 20, therefore, the control section 1 9 
outputs a narrow-band control signal to the FFT 1 2 (step 
S34). When the wide-band detection signal is supplied 
from the band determining section 20, which means that 
zs the reception signal is not a narrow-band signal, the con- 
trol section 1 9 outputs a wide-band control signal to the 
FFT 12 (step S35). The operation of the FFT 12, when 
the narrow-band detection signal or the wide-band de- 
tection signal has been supplied, is the same as dis- 
30 cussed above 

Regardless of whether the reception signal is a 
wide-band signal or a narrow-band signal, the FFT re- 
sult in the channel i is output to the band determining 
section 20. 

os When the sampling frequency is changed in accord- 
ance with the band control signal as mentioned in the 
foregoing section of the first embodiment, the FFT result 
in the channel i is output to the band determining section 
20 irrespective of whether the reception signal is a wide- 

40 band signal or a narrow- band signal. 

The control section 19 need not always execute the 
FFT control operation in response to the null detection 
signal, but may perform the operation as follows. The 
control section 19 determines if the error ratio supplied 

45 from the error correcting section 1 7 is greater than a pre- 
determined value (step S51 ) at a given timing and exe- 
cutes the FFT control operation illustrated in Fig. 10 
when the error ratio is greater than the predetermined 
value (step S52), as shown in Fig. 1 3. More specifically, 

50 it is assumed that when the error ratio of data acquired 
in the error correcting section 1 7. becomes greater than 
the predetermined value, it is because the processing 
60 far ha6 been carried out, considering that the recep- 
tion signal were a wide-band signal, even though ft was 

55 fl narrow-band signal. To check it, the control section 1 9 
causes the band determining section 20 to determine 
the band width of the reception signal. In this way, the 
band determining section 20 need not always execute 
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the operation, thus reducing the toad of a microcomput- 
er when used to constitute the control section 19 and 
the band determining section 20 as mentioned earlier. 

According to the second embodiment, a carrier sig- 
nal of a predetermined level is located only at the fre- 
quency point corresponding to the channel i in the null 
portion of a narrow-band signal. However, a carrier sig- 
nal of a predetermined level may be made to be present 
only in every specific number of carriers, i.e., in the j-th 
(n > j) channel (hereinafter called "channel j n ) among a 
plurality of (n) channels in the null portion in a wide-band 
signal as a transmission signal. For example, a carrier 
signal exists only at the frequency point corresponding 
to the channel j as indicated by a spectrum in Fig. 14. 
This channel j corresponds to a frequency outside the 
range of the narrow band width of 766 KHz and within 
the range of the wide band width of 1 .536 MHz, e.g., the 
center frequency f 0 + 400 KHz. If a carrier signal is made 
to be present only in one channel in the null portions of 
both a narrow-band signal and a wide-band signal and 
the frequency of the carrier signal in one channel for the 
wide band is not present in the narrow band width, the 
band determining section can more surely discriminate 
whether the reception signal is a narrow-band signal or 
a wide-band signal. 

Although the wide band width is set to 1 .536 MHz 
and the narrow band width is set to 768 KHz in the sec- 
ond embodiment, the band widths are not limited to 
those particular values, and may be set in accordance 
with the number of carriers. 

Further, according to the second embodiment, it is 
previously known from which one of the individual chan- 
nel outputs of the FFT 1 2 the reception signal with a car- 
rier signal to be inserted in the null portion is output, so 
that the presence or absence of a narrow-band signal 
is detected by determining If a carrier signal is present 
in that channel output. Instead of this approach, fre- 
quency signal detection means such as a band-pass fil- 
ter may actually be used to detect the presence or ab- 
sence of the carrier signal. 

The carrier signal which is to be inserted In the null 
portion need not be in a single channel, but it may be 
inserted in a plurality of channels as long as the null por- 
tion is clearly distinguished from the other portions. 

According to the OFDM broadcast wave receiver of 
this embodiment, as a broadcast wave Is acquired by 
performing OFDM modulation on a data signal and is 
transmitted as a signal which has a null portion for each 
frame, a carrier signal of a specific frequency indicative 
of the band width of the broadcast wave has been in- 
serted in the null portion before transmission, so that the 
receiver discriminates if the carrier signal having the 
specific frequency is prosonl in the null portion of the 
reception signal and controls the demodulating opera- 
tion of the demodulation means in accordance with the 
discrimination result. It is therefore possible to automat- 
ically determine whether the received signal is a wide- 
band signal or a narrow-band signal, thus ensuring the 



proper signal reception. 

Fig. 15 shows an OFDM broadcast wave receiver 
according to the third embodiment of the present inven- 
tion. Like or same reference numerals are given to those 
s components which are the same as the corresponding 
components of the receiver in Fig. 1 . The detection out- 
put of the null detector 21 is supplied to the control sec- 
tion 1 9 and the frame period detector 22. The frame pe- 
riod detector 22 comprises a counter 23, a hold circuit 
24 and a comparator 25, as shown in Fig. 16. The coun- 
ter 23 is reset to return the count value to the initial value 
(e.g.. 0) in response to the null detection signal, and 
counts the number of clock pulses output from a clock 
generator 26. The clock pulse from the clock generator 
26, though its supply tine is not shown in Fig. 15, is used 
as a sampling clock for the A/D converters 10 and 11. 
The hold circuit 24 holds the count value of the counter 
23 of immediately before the generation of the null de- 
tection signal until the next generation of the null detec- 
tion signal. The comparator 25 compares the count val- 
ue retained in the hold circuit 24 with a predetermined 
value, and supplies a signal indicative of th e comparison 
result to the control section 19. In response to the null 
detection signal, the control section 19 receives the sig- 
nal indicating the comparison result from the compara- 
tor 25 and controls the operation of the FFT 1 2 in ac- 
cordance with the received signal, as will be discussed 
later. 

Signals to be transmitted as broadcast waves from 
a broadcasting station have the format as shown in Fig. 
2 that, for each frame, has the null portion at the head 
where no signals. are present and which is provided for 
synchronization, followed by the reference signal por- 
tion as a phase reference for differentia! decoding and 
the data portion. The length of one frame of a wide-band 
signal is as shown in Fig. 17, while the length of one 
frame of a narrow-band signal is shorter than that of a 
wide-band signal as shown in Fig. 1 8. 

The null detector 21 detects the null portion shown 
in Fig. 2 from the envelope of the reception signal. More 
specifically, the null detector 21 computes I 2 + Q 2 from 
the in-phase component signal I and the orthogonal 
component signal Q, acquired from the LPFs 8 and 9, 
and generates a null detection signal when i 2 + Q 2 is 
45 equal to or below a reference value at the time of the 
detection of the null portion. As mentioned above, this 
null detection signal is supplied to the control section 1 9 
and tho frame period detector 22. 

Because the counter 23 starts counting from the in- 
50 itial value in response to the null detection signal, the 
count value of the counter 23 of the point immediately 
before the counter 23 is reset by the null detection signal 
indicates one frame length. As the count value indicating 
one frame length is retained in the hold circuit 24, the 
55 output signa I of the comparator 25, which compares this 
retained value with a predetermined value, indicates if 
the current reception signal is a wide-band signal or a 
harrow-band signal. When the value retained in tho hold 
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circuit 24 Is greater than the predetermined value, which 
means that the current reception signal is a wide-band 
signal, the output signal of the comparator 25 is supplied 
as the wide-band detection signal to the control section 
19. When the value retained in the hold circuit 24 is 5 
smaller than the predetermined, which means that the 
current recaption signal is a narrow-band signal, the out- 
put signal ot the comparator 25 Is supplied as the nar- 
row-band detection signal to the control section 1 9. The 
predetermined value is sol toa value by which the frame io 
length of a wide-band signal can be distinguished from 
the frame length of a narrow-band signal. 

The control section 19 discriminates the presence 
of the null detection signal (step S61 ), and discriminates 
if the reception signal is a narrow-band signal when the « 
null detection signal is produced (step S62), as shown 
in Fig. 1 S. This discrimination is determined from the 
output o1 the comparator 25. When the narrow-band de- 
tection signal is supplied from the comparator 25, there- 
tore, the control section 19 outputs the narrow-band 20 
control signal to the FFT 12 (step S63). When the wide- 
band detection signal is supplied from the comparator 
25, which means that the reception signal is not a nar- 
row-band signal, the control section 1 9 outputs the wide- 
band control signal to the FFT 1 2 (step S64). The oper- 2S 
ation of the FFT 1 2 when the narrow-band control signal 
or the wide-band control signal is supplied thereto is the 
same as has been described earlier. 

Although the wide band width is set to 1.536 MHz 
and the narrow band width is set to 768 KHz in the third oo 
embodiment, the band widths are not limited to those 
particular values, but may be set in accordance with the 
number of carriers. 

According to the OFDM broadcast wave receiver of 
this embodiment, as a broadcast wave is acquired by os 
performing OFDM modulation on a data signal and is 
transmitted as a frame-by-frame signal and the frame 
length varies in accordance with the band width of the 
broadcast wave, so that the receiver discriminates if the 
frame length of the received signal and controls the de- 
modulating operation of the demodulation means in ac- 
cordance with the discrimination result. It is therefore 
possible to automatically determine whether the re- 
ceived signal is a wide-band signal or a narrow-band 
signal, thus ensuring the proper signal reception. 

Fig. 20 shows an OFDM broadcast wave receiver 
according to the fourth embodiment of this invention. 
Like or same roforenco numerals aro given to those 
components which are the same as the corresponding 
components of the receiver in Fig. 1. Connected to the so 
detection output of the null detector 21 are the control 
section 1 9 and a data extracting section 27. The individ- 
ual channel outputs of the FFT 12 are also connected 
to the data extracting section 27. The data extracting 
section 27 extracts data subjected to differential decod- ss 
ing by the reference signal at the output timing of the 
null detection signal from the null detector 21. I.e., a 
CAZAC (Constant Amplifier Zero Aut ©Correct ion) se- 



quence to be discussed later. The data extracted by the 
data extracting section 27 is retained in holding means 
such as a buffer before being supplied to the control sec- 
tion 1 9. In accordance with the null detection signal from 
the null detector 21 and the data extracted by the data 
extracting section 27, the control section 19 performs 
an operation to be discussed later to control the opera- 
tion of the FFT 12. 

Signals to be transmitted as broadcast waves from 
a broadcasting station have the formal as shown in Fig. 
2 that, for each frame, has the null portion at the head 
where no signals are present and which is provided for 
synchronization, followed by the reference signal por- 
tion as a phase reference for differential decoding and 
the data portion. 

As the reference signal, a CAZAC sequence is 
used. For example, the following Cm is a CAZAC se- 
quence which takes 4 values (1 , -1 , j, -j) where m is 0 to 
15. 

Cm;-j, -1, 1, 1,-1, -j, 1,-1, j, 1, 1. 1, 1, j. 1, -1 

This CAZAC sequence is a self -orthogonal se- 
quence and has the following property. 

W k - 2 C m modl6 

| 16 (k - 0) 
I 0 (k + 0) 

The serf-correlation with the shifted sequence 
therefore becomes 0. 

Let this CAZAC sequence Cm be a CAZAC se- 
quence CO. Then, the other three CAZAC sequences 
can be acquired from this CAZAC sequence CO, sothat 
a total of four CAZAC sequences CO, C1, C2 and C3 
can be produced. The CAZAC sequences C1, C2 and 
CO are as follows. 

C1 = jCO, C2 = -CO, C3 = -jCO 

By performing differential coding on the data ol the 
CAZAC sequences CO, C1 , C2 and C3, four training se- 
quences XO. X1, X2 and X3 are produced, which are 
treated as the reference signals. In executing differential 
coding on data adjacent to CO, X0 is obtained as follows. 

C0 = l C 00' C 01 C 0l6' 

*0 = { C 00* C OV C 01* C 02' C 02* C 03« •••• C 015* C (X>} 

As the differential decoder 13 of the receiver per- 
forms differential decoding on the tour training sequenc- 
es X0 to X3, the CAZAC sequences CO to C3 are ac- 
quired. In accordance with the CAZAC sequences CO 
to C3. the frequency axis offset and time axis offset are 
conducted. 

Suppose that the CAZAC sequence for producing 
the aforementioned four training sequences X0, X1 , X2 
and X3 is CAZAC 1 indicating a wide-band transmission 
signal and the CAZAC sequence tor producing the other 
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training sequences is CAZAC2 defining a narrow-band 
signal. 

As a narrow-band transmission signal has a band 
width of 768 KHz as shown in Fig. 4, and each carrier 
6ignal has a frequency within the range of ±384 KHz 
from the center frequency f 0 , there are no signals, ex- 
cept noise, in the guard band a between the band of the 
signal of 1 to be recerved and the adjoining signal band. 
As a wide-band transmission signal has a band width of 
1.536 MHz as shown in Fig. 5, carrier signals are 
present outside the range of ±384 KHz. 

The null detector 21 detects the null portion shown 
in Fig. 2 from the envelope of the reception signal. More 
specifically, the null detector 21 computes I 2 + Q 2 Irom 
the in-phase component signal I and the orthogonal 
component signal Q, acquired from the LPFs 8 and 9, 
and generates a null detection signal when I 2 + Q 2 is 
equal to or below a reference value as the time of the 
detection of the null portion. This null detection signal is 
supplied to the control section 1 9 and the data extracting 
section 27. 

The control section 1 9 discriminates the presence 
of the null detection signal (step S71 ), and discriminates 
if the data extracting section 27 has extracted a CAZAC 
sequence (step S72) when the null detection signal ex- 
ists, as shown in Fig. 21 . The data extracting section 27 
extracts a CAZAC sequence from the data which has 
undergone differential decoding in the differential de- 
coder 1 3 at the output timing of the null detection signal 
from the null detector 21 . When it is determined that the 
CAZAC sequence has been discriminated from the out- 
put of the data extracting section 27, a correlation value 
A between the extracted CAZAC sequence and a 
CAZAC sequence (CAZAC 1 ) corresponding to a wide 
band is computed (step S73), and this correlation value 
A is stored in an internal memory (not shown) (step 
S74). Further, a correlation value 6 between the extract- 
ed CAZAC sequence and a CAZAC sequence 
(CAZAC2) corresponding to a narrow band is computed 
(step S75), and this correlation value B is stored in the 
Internal memory (step S76). Then, the correlation val- 
ues A and B are compared with each other (step S77), 
and the comparison result becomes the band detection 
signal. When A < B, it is determined that a narrow-band 
signal has been received and the narrow-band control 
signal is output to the FFT 12 (step S78). When A 2 B, 
however, it is determined that a wide-band signal has 
boon received and the wido-band control signal is output 
to the FFT 12 (step S79). The operation of the FFT 12 
when the narrow-band detection signal or the wide-band 
detection signal is supplied thereto Is the same as de- 
scribed earlier. 

Although the data extracting section 27 extracts a 
CAZAC sequence from the data which has undergone 
differential decoding in the differential decoder 1 3 at the 
output timing of the null detection signal in the fourth 
embodiment, the data extraction method is not limited 
to this particular typo. For example, differential coding 



on the CAZAC 1 might have been perlormed between 
adjacent channels and differential decoding on the 
CAZAC2 might have been perlormed between every 
other channels in the transmitter. The receiver may ex- 
s tract a CAZAC sequence (first CAZAC sequence), 
which is acquired by performing differential decoding 
between adjacent channels or performing differential 
decoding by the reference signal by supprylng the output 
of a delay element of the channel i (i < n) to a multiplier 
of the channel 1-1 , and a CAZAC sequence (second 
CAZAC sequence), which is acquired by performing dif- 
ferential decoding between every other channels or by 
performing differential decoding by the reference signal 
by supplying the output of the delay element of the chan- 
nel i (i < n) to a multiplier of the channel i-2. In this case, 
the control section 19 should compare the correlation 
values of the first and second CAZAC sequences with 
respective predetermined CAZAC sequences, would 
determine the reception signal is a wide-band signal 
when the correlation value tor the first CAZAC sequence 
is equal to or greater than the correlation value for the 
second CAZAC sequence, and would determine the re- 
ception signal is a narrow-band signal when the latter 
correlation value is greater than the former correlation 
value. In this case, the same CAZAC sequence may be 
used for both the CAZAC 1 and CAZAC2. 

It is also possible to determine if the reception signal 
is a wide-band signal or a narrow-band signal if a wide- 
band signal is set in the order of the training sequences 
X0, XI, X2 and X3 and a narrow-band signal is set in 
the order of the training sequences X3, X2, X1 and X0. . 
Supposing that the CAZAC sequences obtained from 
the transmission signal are Ca, Cb, Cc and Cd in this 
case, the determination of the type of the reception sig- 
nal can be made by the correlation of those CAZAC se- 
quences with the set sequences. As C1, C2 and C3can 
be produced from CO, CO may be produced for a wide 
band based on CI = jCO from Cb where C1 is arranged, 
the correlation values of Ca where CO is arranged and 
Cb with the associated, set sequence may be computed 
from CO, and the individual correlation values may like- 
wise be computed for a narrow band, so that the dis- 
crimination of the type of the reception signal can be 
made by comparing the acquired correlation values with 
each other. 

Although the correlation values A and B are ob- 
tained and the band width is discriminated based on the 
result of the comparison of the correlation valuos A and 
B with each other in the fourth embodiment, only one of 
the correlation values (A or B) may be obtained from 
which the band width is discriminated. 

Although the reference signal has a CAZAC se- 
quence in the fourth embodiment, the reference signal 
may not be limited to this particular type but may show 
another sequence which can ensure band discrimina- 
tion. 

Although the foregoing description of the fourth em- 
bodiment has discussed the band width as the prede- 
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termlned Identification parameter of a broadcast wave, 
the predetermined identification parameter is not be lim- 
ited to the band width. For example, other identification 
parameters such as a broadcasting station or a trans- 
mitter may be used as well. 

According to the fourth aspect of this invention, a 
broadcast wave is acquired by performing OFDM mod- 
ulation on a data signal and is transmitted as a signal 
having a reference signal for differential demodulation 
lor each frame, the predetermined identification param- 
eter, such as the band width, of the broadcast wave is 
described in the reference signal in a detectable form, 
and the receiver extracts a signal corresponding to the 
reference signal and to be subjected to OFDM demod- 
ulation from the output signal of the demodulation 
means, discriminates if the extracted signal is a signal 
indicative of a specific content in the predetermined 
identification parameter and controls the demodulating 
operation of the demodulation means in accordance 
with the discrimination result. It is therefore possible to 
automatically determine whether the received signal is 
a wide-band signal or a narrow-band signal, thus ensur- 
ing the proper signal reception. 



Claims 

1. An OFDM (Orthogonal Frequency Division Multi- 
plex) broadcast wave receiver comprising: 

tuning means for selectively extracting a signal 
having a desired frequency as a reception sig- 
nal from high frequency signals from an anten- 
na; 

demodulation means for performing OFDM de- 
modulation on said reception signal to acquire 
signals each of which has one of a plurality of 
frequencies: 

band detection means for detecting a band 
width of said reception signal and generating a 
band detection signal indicative of said band 
width; and 

control means for controlling a demodulation 
operation of said demodulation means in ac- 
cordance with said band detection signal, 
wherein said band detection means discrimi- 
nates if there is a carrier signal having a prede- 
termined Iroquency among said plurality of fre- 
quencies and outputs the discrimination result 
as said band detection signal. 

2. The OFDM broadcast wave receiver according to 
Claim 1, wherein said domodulalion moans in- 
cludes: 

orthogonal demodulation means for performing 
orthogonal demodulation on said reception sig- 
nal to produce an in-phase component and an 



orthogonal component of a base-band signal; 
A/D (Analog/Digital) conversion means for per- 
forming A/D conversion of said in-phase com- 
ponent and said orthogonal component sepa- 

s ralery; and 

fast Fourier transform means for performing 
fa6t Fourier transform on Bn output signal of 
said A/D conversion means and outputting sig- 
nals each of which has one of said plurality of 

'0 frequencies, said fast Fourier transform means 

being able to after an output range of said plu- 
rality of frequencies in accordance with said 
band detection signal. 

*5 3. The OFDM broadcast wave receiver according to 
Claim 2, wherein said fast Fourier transform means 
afters a sampling frequency in accordance with said 
band detection signal. ' 

so 4. The OFDM broadcast wave receiver according to 
Claim 1, wherein said reception signal has a signal 
format consisting of a null portion, a reference sig- 
nal portion and a data portion in order for each 
frame, and said control means has detection means 

2S for generating a null detection signal upon detection 
of said null portion and controls said demodulation 
operation in response to said null detection signal. 

5. An OFDM (Orthogonal Frequency Division Multi- 
oo plex) broadcast wave receiver for receiving a broad- 
cast wave, acquired by performing OFDM modula- 
tion on a data signal and transmitted as a 6ignal 
having a null portion for each frame, said receiver 
comprising: 

as 

tuning means for selecting a signal having a de- 
sired frequency as a reception signal from high 
frequency, signals from an antenna; 
demodulation means for perform ing OFDM de- 
40 modulation on said reception signal to acquire 

signals each of which has one of a plurality of 
frequencies; 

band detection means tor detecting a band 
width of said reception signal and generating a 
45 band detection signal indicative of said band 

width; and 

control means for controlling a demodulation 
operation of said demodulation moans in ac- 
cordance with said band detection signal, 
50 wherein said band detection means discrimi- 

nates if a carrier signal having a specific fre- 
quency is present in said null portion of said re- 
ception signal and outputs the discrimination 
result as said band detection signal. 

55 

6. The OFDM broadcast wave receiver according to 
Claim 5, wherein presence of said carrier signal 
having said specific frequency in said null portion is 



10 



# • 

19 BP 0 727 885 A2 20 



set in accordance with a band width of said broad- 
cast wave. 

7. The OFDM broadcast wave receiver according to 
Claim 5, further comprising null deteclion means for 
generating a null detection signal upon detection of 
said null portion, and 

wherein said band detection means executes 
an operation of detecting presence of said car- 
rier signal having said specific frequency in said 
null portion in response to said null detection 
signal. 

0. The OFDM broadcast wave receiver according to 
Claim 5, wherein said demodulation means in- 
cludes: 

orthogonal demodulation means for performing 
orthogonal demodulation on. said reception sig- 
nal to produce an in-phase component and an 
orthogonal component of a base-band signal; 
A/D (Analog/Digital) conversion means for per- 
forming A/D conversion of said In-phase com- 
ponent and said orthogonal component sepa- 
rately; and 

fast Fourier transform means for performing 
fast Fourier transform on an output signal of 
said A/D conversion means and outputting sig- 
nals each of which has one of said plurality of 
frequencies, said fast Fourier transform means 
being able to alter an output range of said plu- 
rality of frequencies in accordance with said 
band detection signal. 

9. The OFDM broadcast wave receiver according to 
Claim 8, wherein 6aid fast Fourier transform means 
alters a sampling frequency in accordance with said 
band detection signal. 

10. An OFDM (Orthogonal Frequency Division Multi- 
plex) broadcast wave receiver for receiving a broad- 
cast wave, acquired by performing OFDM modula- 
tion on a data signal and transmitted as a frame-by- 
frame signal, said receiver comprising: 

tuning means lor selecting a signal having a de- 
sired froquoncy as a recaption signal from high 
frequency signals from an antenna; 
demodulation means for performing OFDM de- 
modulation on said reception signal to acquire 
signals each of which has one of a plurality of 
frequencies; 

band detection means for detecting a band 
width of said reception signal end generating a 
band detection signal indicative of said band 
width; and 

control means for controlling a demodulation 



operation of said dernodulation means in ac- 
cordance with said band detection signal, 
wherein said band detection means discrimi- 
nates a frame length of said reception signal 
5 and outputs the discrimination result as said 

band detection signal. 

11. The OFDM broadcast wave receiver according to 
Claim 10, wherein said frame length differs in ac- 

10 cordance with a band width of said broadcast wave. 

12. The OFDM broadcast wave receiver according to 
Claim 1 0, wherein said reception 6lgnal has a signal 
format having a null portion, a reference signal por- 

*5 tion and a data portion in order for each frame, and 
said control means includes detection means for 
generating a null detection signal upon detection of 
said null portion, counting means for counting an 
interval of occurrence of said null detection signal 

20 and comparing means for comparing a count value 
of said counting means with a predetermined value. 

13. The OFDM broadcast wave receiver according to 
Claim 10, wherein said demodulation means in- 

2S eludes: 

orthogonal demodulation means for performing 
orthogonal demodulation on said reception sig- 
nal to produce an in-phase component and an 
oo orthogonal component of a base-band signal; 

A/D (Analog/Digital) conversion means for per- 
forming A/D conversion of said in-phase com- 
ponent and said orthogonal component sepa- 
rately; and 

0$ fast Fourier transform means for performing 

fast Fourier transform on an output signal of 
said A/D conversion means and outputting sig- 
nals each of which has one of said plurality of 
frequencies, said fast Fourier transform means 

40 being able to alter an output range of said plu- 

rality of frequencies in accordance with said 
band detection signal. 

14. The OFDM broadcast wave receiver according to 
45 Claim 13, wherein said fast Fourier transform 

means alters a sampling frequency in accordance 
with said band detection signal. 

15. An OFDM (Orthogonal Frequency Division Multi- 
so pi ex) broadcast wave receiver lor receiving a broad- 
cast wave, acquired by performing OFDM modula- 
tion on a data signal and transmitted as a signal 
having a reference signal for differential demodula- 
tion for each frame, said receiver comprising: 

55 

tuning means for selecting a signal having a de- 
sired frequency as a reception signal from high 
frequency signals from an antenna; 
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demodulation means for performing OFDM de- 
modulation on said reception signal to acquire 
signals each of which has one of a plurality of 
frequencies; 

idenli Heat ion parameter detection means for 
detecting a predetermined identification pa- 
rameter relating to said broadcast wave and 
generating an identification detection signal In- 
dicative of a content of said predetermined 
iden lineal ion parameler; and 
control means for controlling a demodulation 
operation of said demodulation means in ac- 
cordance with said Identification detection sig- 
nal, 

wherein said identification parameter detection 
means includes means for extracting a signal 
corresponding to said reference signal from an 
output signal ol said demodulation means, and 
discrimination means for discriminating if said 
extracted signal is a signal indicative of a spe- 
cific content in said predetermined identifica- 
tion parameter and outputting the discrimina- 
tion result as said identification detection sig- 
nal. 

16. The OFDM broadcast wave receiver according to 
Claim 15, wherein said reference signal is a signal 
obtained by differential coding of a CAZAC (Con- 
stant Amplifier Zero AutoCorrection) sequence 
which differs in accordance with said predetermined 
identification parameter 

17. The OFDM broadcast wave receiver according to 
Claim 15, wherein said reference signal Is a signal 
obtained by differential coding of a CAZAC se- 
quence in different frequencies among said plurality 
of frequencies in accordance with said predeter- 
mined identification parameter. 

18. The OFDM broadcast wave receiver according to 
Claim 15, wherein said reference signal is a signal 
obtained by setting a sequence acquired by differ- 
ential coding of a CAZAC sequence in accordance 
with said predetermined identification parameter. 

19. The OFDM broadcast wave receiver according to 
Claim 15, wherein said demodulation means in- 
cludes: 

orthogonal demodulation means for performing 
orthogonal demodulation on said reception sig- 
nal to produce an in-phase component and an 
orthogonal component of a base-band signal; 
A/D conversion means for performing A/D (An- 
alog/Digital) conversion of said in-phase com- 
ponent and said orthogonal component sepa- 
rately; 

fast Fourier transform moans for performing 



fast Fourier transform on an output signal of 
said A/D conversion means and outputting sig- 
nals each of which has one of said plurality of 
frequencies, said fast Fourier transform means 
being able to alter an output range of said plu- 
rality ol frequencies in accordance with said 
identification detection signal; and 
differential decoding means for performing dif- 
ferential decoding of an output signal of said 
fast Fourier transform means. 

20. The OFDM broadcast wave receiver according to 
Claim 19, wherein said .fast Fourier transform 
means alters a sampling frequency in accordance 
with said identification detection signal; 



10 



1S 



20 



25 



DO 



35 



40 



45 



SO 



12 



EP 0 727 885 A2 




ro 



ll 






Ll- 






Q_ 




J 


r 


_J 



± 




13 



BP 0 727 885 A2 



FIG . 2 



1 FRAME 



1 



DATA PORTION 



PREFERENCE 
NULL SIGNAL PORTION 

PORTION 



FIG .3 



C START ^) 





SIGNAL PRESENTS 
OUTSIDE THE RANGE 
OF f* i'384 kHz? 



OUTPUT NARROW-RAND 
DETECTION SIGNAL 



OUTPUT WIDE-BAND 
DETECTION SIGNAL 



C END ^ 



14 



EP 0 727 885 A2 



FIG . 4 



POWER 



OC 



77A Y/MV/A 

fo 



768 kHz 



(X 



FREQUENCY 



FIG. 5 



POWER 













'/////, 


V/A 


/// 


Y? 




fo 

» r.536MHz 


FREQUENCY 



15 



EP 0 727 885 A2 



F I 6 . 6 



NULL EETECTION SIGNAL 
GENERATED? , 



C START ) 



YES 



S!3 



OUTPUT NARROW-BAND 
CONTROL SIGNAL TO FFT 




OUTPUT WIDE -BAND 
CONTROL SIGNAL TO FFT 



C END ) 



FIG . 7 



LEVEL 



L •-• tltltllllHIl 



1.536 MHz 



FREQUENCY 



4- : — 

FFT OUTPUT RANGE WHEN SAMPLING FREQUENCY IS 2,04gMHz 



16 




EP 0 727 885 A2 



FIG . 8 



LEVEL 



NO LEVEL 



15 _ 

768 kHz 



FREQUENCY 



i 



FFT OUTPUT RANGE WHEN SAMPLING 
FREQUENCY IS 1,024 MHz ■ 



FFT OUTPUT RANGE WHEN SAMPLING FREQUENCY IS 2,048 MHz 



PIG . 9 



C START ) 




ACTIVATE BAND 
DETERMINING SECTION 



] 



c 



END 



17 



BP 0 727 885 A2 



FIG . 10 



NULL DETECTION SIGNAL 
GENERATED? 



OUTPUT NARROW-BAND 
CONTROL SIGNAL TO FFT 




C ) 



18 




EP 0 727 885 A2 



FIG . 11 



POWER 



-384kHz to I 384kHz. ¥mJBfC{ 



768 KHz 



19 



EP 0 727 885 A2 



FIG . 12 



YES 



S42 



OUTPUT NARROW-BAND 
DETECTION SIGNAL 



C START ^ 




CARRIER SIGNAL 
PRESENTS IN 
CHANNEL? • 



OUTPUT WIDE-BAND 
DETECTION SIGNAL 



C END .3 



20 



EP 0 727 885 A2 



FIG . 13 



C START ) 




START FFT 
CONTROL OPERATION 



( END ) 



21 




EP 0 727 885 A2 



\ 



FIG . 14 



POWER 



• 






-768KHZ 


to J 


768kHz FREQUENCY 



1.536MHz 



22 




23 



EP 0 727 885 A2 



FIG . 16 



COMPARATOR 



23 


• 24 






/ 




COUNTER 




HOLD 










CIRCUIT 







TO CONTROL SECTION 



PREDETERMINED VALUE 



NULL DETECTION SIGNAL 



FIG . 17 



MULL 



"fruLl 



1 FRAME 

FIG . 18 



1 FRAME 



TIME 



""Lull 


NULL 


NULL 


NULL 




i- — 






TIME 



l FRAME 1 FRAME 1 FRAME 



24 



EP 0 727 885 A2 



FIG . 19 



NULL DETECTION SIGNAL 
GENERATED? 



NARROW-BAND 
SIGNAL RECEIVED? 



OUTPUT NARROW-RAND 
CONTROL SIGNAL TO FFT 



C START ) 



set 




OUTPUT WIDE-BAND 
CONTROL SIGNAL TO FFT 



C BMP) 



25 




26 



BP 0 727 885 A2 




OUTPUT NARROW-BAND 
CONTROL SIGNAL 
TO FFT 



NULL DETECTION SIGNAL 
GENERATED? 



-CAZAC SEQUENCE 
EXTRACTED? 



COMPUTE CORRELATION VALUE A 
BETWEEN EXTRACTED CAZAC 
^S73 SEQUENCE AND CAZAC 1 



STORE CORRELATION 
VALUE A 



CCMPUTE CORRELATION VALUE B' 

Otc BETWEEN EXTRACTED CAZAC 
*° ' 3 SEQUENCE AND CAZAC 2 



STORE CORRELATION 
VALUE B 




(S7S _ 



OUTPUT 
WIDE-BAND 
CONTROL SIGNAL 
TO FFT 



END 



27 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images .include but are not limited to the items checked: 

□ fcLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
y FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHD3IT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



